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chromatography. The final products were tested for their lubrication properties such as TAN (Total Acid Number), kinematic viscosity, viscosity index (VI), wear and friction test.
Approximately 5 liters of trimethylolpropane ester from palm oil containing 86 w/w% of triester was successfully synthesized in two hours of operation.
The optimal reaction conditions for mini pilot batch reactor were found to be as follows; 1) temperature: 120°C, 2) pressure: 20 mbar, 3) molar ratio: 3.8:l (POME to TMP), 4) catalyst: 0.9 w/w% 5) speed of agitation: 180 rpm.
The kinetics data obtained from the laboratory scale experiment was successfully applied to the mini pilot batch reactor to estimate the yield of triester. As a conclusion, the study has proven that the synthesis method to produce trimethylolpropane ester from palm oil as a lubricant basestock developed in the laboratory (one liter) can be scale up to a mini pilot batch reactor (10 liters) with marginal effect on the reaction yield.
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Penghasilan kelompok ester trimetilolpropana dari minyak sawit sebagai bahan asas minyak pelincir telah dilaksanakan dengan menggunakan reaktor kelompok berskala mini pandu (1 0 liter) yang dilengkapi dengan vakurn parn berkuasa tinggi. Kajian terhadap keadaan tindak balas optima juga telah diselidik bagi memastikan penghasilan produk yang berkualiti tinggi pada masa dan kos yang minimum.
Ester trimetilolpropana dari minyak sawit telah dihasilkan melalui proses tindakbalas kimia berkelompok. Ujikaji tertumpu keatas pelbagai kesan seperti 1) suhu; 2) tekanan vakurn; 3) nisbah mol; 4) kuantiti pemanglun; 5) kelajuan pengaduk. Komposisi kimia hasil produk ini dianalisa dengan menggunakan gas kromatografi. Sifat-sifat pelincir bagi hasil produk ini seperti TAN (Nombor keasidan), kelikatan kinematik, kelikatan indek, kehausan dan geseran juga telah diuji.
Anggaran 5 liter ester trimetilolpropana dari minyak sawit telah berjaya disintesis dalam masa dua jam beroperasi. Tindakbalas optima bagi reaktor kelompok berskala mini pandu ini adalah seperti berikut:-1) suhu:120°C;
2)tekanan vakum:20 mbar; 3) nisbah mol: 3.8:l (P0ME:TMP); 4) kuantiti pemangkin: 0.9 w/w%; 5) kelajuan pengaduk: 180 rpm.
Data-data kinetik yang diperolehi daripada ekperimen berskala makrnal juga telah berjaya digunakan ke atas reaktor kelompok berskala mini pandu untuk menganggar hasil triester. Kesimpulannya, kajian ini telah berjaya membuktikan bahawa kaedah sintesis berskala malunal bagi penghasilan ester trimetilolpropana dari minyak sawit sebagai bahan asas minyak pelincir boleh diaplikasikan pada reaktor kelompok berskala mini pandu (10 liter) tanpa memberi kesan negatif terhadap hasil tindakbalas. . . . (Carceller, 2000; Bondioli, 2000) .
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The interest in the bio-lubricants derived from renewable resources like vegetable oil is growing due to their biodegradability, low toxicity and environmentally benign nature. Many European countries especially Germany, Switzerland, Austria and Scandinavia are leading the world to advance bio-lubricants to the markets through development and legislation.
In Europe, the current bio-lubricants market is about 110,000 tons or approximately 2% of the total lubricants volume and is growing rapidly at 10% per annum (Kodali, 2002) . The total production of vegetable oil around the world is also growing approximately doubling the volume for every 25 years. However, advance in chemistry, catalyst and bio-reactor design will begin to change this percentage. There is a consensus that in future, the demand will increase up to 75% because of the need to develop vegetable oil-based lubricants with higher performance characteristics (Bondioli and Igartua, 2000) .
In Malaysia, vegetable oil based lubricant industry is quite young. However it has made tremendous progress in the last five years. One of the successful However this lubricant was not readily available for commercial testing due to limited production volume. Thus based on previous worked, this study will concentrate on producing a large volume of palm based polyol ester. In order to increase the amount of production, the experiments were carried out using a mini pilot batch reactor incorporated with a hgh vacuum pump. The operating conditions were varied within the range used in previous work carried by Yunus et al. (2003) . The optimum conditions were derived based on the chemical and physical properties of the final products obtained from the reactions.
This study dealt with real problems in a batch lubricant production and provides a unique insight into multi product batch processing and its special problems. In particularly, the thermal history of the chemicals will affect the product quality and also reduced the effective batch capacity. Therefore, it is necessary to understand the mechanisms which lead to these changes so that the effects caused by the equipment and operating methods can be separated fkom the chemistry of the process (Yates, 1997).
Objective and Scope of Work
The objectives of this research project are:-1. To produce palm-based trimethylolpropane ester using 10L reactor.
2. To optimize the operating conditions.
3. To evaluate the lubricating properties of the palm-based trimethylolpropane ester.
The scopes of work are directed towards studying the effects of operating parameter such as temperature, vacuum pressure, molar ratio, catalyst amount and agitator speed on the reaction conversion. A number of experiments were performed in a mini pilot batch reactor incorporated with a vacuum pump in order to obtain the optimum production yield. The final product was separated fiom the unwanted materials firstly by the gravitational settling and followed by the vacuum distillation to remove the unreacted palm oil methyl ester. The end products were tested for their lubrication properties such as kinematic viscosity, viscosity index, total acid number (TAN) as well as wear and fiction tests.
Thesis Outline
This Currently, numerous vegetable oils from various sources such as canola, sunflower, soybean and palm are used in lubricant applications. For instance, the lubricant's application include additive in synthetic oil, two cycle-motor oils, chain oils, hydraulic oils, greases, bio diesels (Lawate et al., 2005) . In
North America, sixteen types of lubricant, hydraulic fluid and grease have been commercialized using soybean as well as canola oil. Now a day, rapeseed (canola) oil is the most widely used vegetable oil and has dominated the lubricant market due to its relatively good oxidative stability, it reasonable cost and its wide availability in both Europe and North America. Even though, soy-based lubricants are less expensive than canola, but do not perform very well. However, researcher efforts are under way to develop varieties that can meet performance standards of rapeseed 1 canola (Ashrneed, 2002; Bondioli et al., 2000; Lubrizol Corporation) . In India, coconut oil has been used as alternative base oil for automobile lubricant.
The new invention which was presented by Jayadas from Cochia University of Science and Technology (CUSAT) has also been tested to two stroke
engine. An environmental evaluation of coconut oil as lubricant revealed that it consumed low energy, generated hardly any waste material and has no emission (Kurian, 2004).
Vegetable Oil-Based Lubricants
Vegetable oils are important renewable resources compared to fossil and mineral raw materials. The sources of oils and fats are various vegetable and animal raw materials (e.g., tallow, lard) with the vegetable raw materials soybean, palm, rapeseed and sunflower oil being the most important (Hill, 2000) . Some of their common uses prior to 1939 are listed in Table 2 .1 (OdiOwei, 1988 ).
